The Deepwater Horizon oil spill is the most recent manmade disaster to challenge occupational health nurses caring for a unique worker population. The effects of oil spills on wildlife, marine life, and the ecosystem are well studied and documented, but the effects on workers who contain and abate such disasters are not. These workers can suffer from a multitude of illnesses and injuries , such as ataxia, migraines, and various lung diseases, which can be a challenge for occupational health nurses.
HISTORY OF OIL SPILLS
The first documented oil spill was in 1903 in Australia (Australian Government, 1998) . Between 1967 and 2004, a total of 119 "major" oil spills were documented worldwide (Mariner Group , 2(05) . The worst year was 2000, when 23 known oil spills occurred throughout the world; 21 occurred in 200 1; 11 occurred in both 2002 and 2004; 10 occurred in 1994; and 7 occurred in 1993, which was when the frequency of oil spill disasters began to increase (Mariner Group, 2(05) . In the Gulf of Mexico alone, six significant oil spills occurred prior to the Deepwater Horizon spill in 2010, defined by the amount of oil spilled, the duration of the spill response , and the resulting environmental impact. The first was the Ixtoc I oil spill in 1979, which released between 0.4 and 1.2 million gallons of oil per day for 9 months (National Oceanic and Atmospheric Administration [NOAA] , 2010).
SOCIAL AND ECONOMIC IMPACTS OF OIL SPILLS
Oil spills have significant social and economic impacts, directly and indirectly related to the environmental impact of the spills (Jones, 2009) . Direct impacts result from the loss of oil itself; indirect impacts stem from the environmental effects (Jones, 2009) . For instance, the Gulf Coast provides approximately half of the total U.S. fishing harvest, an industry estimated at $2.4 billion annually (Betinis, 20 I0) . With the latest spill, 19% of the Gulf Coast (46,000 square miles) was closed to fishing, negatively affecting profits and nearly 18,000 fishers (Betinis, 2010) . Further, a majority of coastal areas depend on tourism for income; the restrictions imposed on recreational activities (i.e., swimming, diving, bathing, and boating) in the contaminated areas greatly decreased tourism, resulting in economic losses (Jones, 2009) . For example, the hotel industry reported a 50% decrease in occupancy from the previous year, further diminishing jobs as well as state and local revenues (Betinis, 2010) .
ABATEMENT WORKERS
Many displaced fishers and other affected workers from a wide array of educational and cultural backgrounds work on abatement crews. For the Deepwater Horizon oil spill, the National Institute for Occupational Safety and Health (NIOSH) rostered a total of 55,512 abatement workers, including BP employees, contractors, federal and state employees, and volunteers from Louisiana, Mississippi, Alabama, and Florida (Kitt, 2011) . The majority of the workers were male (81%), having a variety of ethnic backgrounds (Kitt, 2011) . According to NIOSH, 2% of the workers were Asian, 9% Hispanic, 38% Black, and 51% White and "all other" race categories (Kitt, 20 II) .
HEALTH CONCERNS
Containing and cleaning devastating oil spills poses both physical and mental risks. Oil spills can have both short-and long-term health effects on workers. These effects can be from exposures to the oil itself or to the chemicals used during containment and abatement. For example, oil spill dispersants, specially designed products composed of detergent-like surfactant in lowtoxicity solvents, are widely used in abatement efforts (Centers for Disease Control and Prevention [CDC], 20 lOb). Generally, limited contact with a small amount of dispersants will not harm the majority of workers; however, longer contact can cause adverse health effects (CDC, 20 lOa).
Dispersants are applied by both aircraft and boat, and are created for use in oil spill disasters (CDC, 20 lOb; Kitt, 2011) . Dispersants break the oil slick into small droplets, but do not actually remove oil from the water (CDC, 20IOb). These small droplets of oil are dispersed into the water, where they can be further broken down by nature (CDC, 20 lOb). In addition, these small droplets are less likely to stick to birds and other animals, shoreline rocks, and vegetation (Kitt, 20 II) . The dispersants used in the BP oil spill were first, EC9527A, and then, EC9500A (Kitt, 2011) . According to Material Safety Data Sheets, both formulas are biodegradable, low-toxicity surfactants that are not considered to cause chemical sensitization and are useful for oil spills in salt water (CDC, 201Ob; Environmental Protection Agency [EPA] , 201 Ia, 2011b).
Short-term health effects are most obvious among the thousands of workers containing and dispersing the spill (Woodward, 20 I0) . Workers who handle and transport the dispersants are most likely to be exposed and suffer from adverse health effects. Some workers are more sensitive to chemicals, and contact with the skin may result in disorders such as skin reddening, swelling, and burning, follicular rashes, defatting or drying of the skin, infections, dermatitis, folliculitis, eye irritation, other allergic reactions, headaches, ataxia, dizziness, nausea, vomiting, cough, respiratory distress, and chest pain (CDC, 201Oc; McCauley, 2010; Pattillo, 2010; Solomon & Janssen, 2010; Woodward, 2010) . These adverse health effects can also worsen with sun exposure (CDC, 201Oa; Solomon & Janssen, 2010) .
If aspirated into the lungs, dispersants cause chemical pneumonitis (CDC, 20 lOb). In addition, repeated or excessive exposure to dispersants may cause more serious health effects, such as central nervous system depression, nausea, vomiting, anesthetic or narcotic effects, injury to red blood cells (i.e., hemolysis) in the kidney or liver, a metallic taste, and respiratory and eye irritation with prolonged inhalation exposure (CDC, 20IOb) . For example, the dispersant Corexit" causes pneumonitis, respiratory irritation, nausea, vomiting, red blood cell injury, and eye irritation (McCauley, 20 I0) . Inhaling dispersants can also cause health effects, and individuals with chronic respiratory problems, such as asthma or emphysema, must be cautious about exposure to these irritants (CDC, 201Ob; Pattillo, 20 I0).
Crude oil releases volatile organic compounds (VOCs) that produce ozone when combined with nitrogen oxide in the atmosphere, and fires used to bum the oil off the surface of the water emit an irritating smoke (Pattillo, 2010) . Respiratory irritants from VOCs can cause chronic respiratory illnesses such as asthma, emphysema, or chronic obstructive pulmonary disease (Pattillo, 2010) . These illnesses are also consistent with acute exposure to hydrocarbons or hydrogen sulfide; it is difficult to clinically distinguish toxic symptoms from other common illnesses (Solomon & Janssen, 2010) . Workers also regularly handle oil compounds containing potentially dangerous substances such as benzene, a known carcinogen that can cause drowsiness, dizziness, rapid heartbeat, and headaches after inhaling high levels (McCauley, 2010) .
Drinking water can also become contaminated, and if workers swallow small amounts (less than a coffee cup), they may experience an upset stomach, nausea, vomiting, and diarrhea (CDC, 201Oc; Pattillo, 2010) .
Abatement workers typically work in hot and humid conditions for months, increasing their risk of heat-related illness. This risk is exacerbated if workers must wear full protective equipment, implying a tradeoff between protection from chemical hazards and protection from heat hazards (Solomon & Janssen, 2010; Woodward, 2010) . Abatement workers must be provided proper personal protective equipment (PPE), and supervisors must monitor workers to ensure that PPE is worn correctly and maintained. Frequently, a few months after abatement begins, workers are admitted to medical centers for symptoms ranging from shortness of breath to nausea and heat stress (McCauley, 2010) .
Two years after the Prestige oil spill abatement was completed, a study of oil spill workers found that they had increased prevalence of respiratory symptoms and persistent airway injury, indicating that exposure to oil sediments is detrimental to workers' overall health (Rodriguez-Trigo et aI., 2010) . Abatement workers are also vulnerable to psychological hazards resulting from traumatic injuries, witnessing the impact of oil on wildlife, and both physical and mental fatigue (Pattillo, 2010) .
During the Deepwater Horizon crisis, NIOSH personnel found workers were exposed to both occupational and environment hazards (Kitt, 2011) . Occupational hazards in the Gulf were mainly chemical and particulate exposures; beach and waste management workers were primarily at risk for musculoskeletal injuries, slips, trips, and falls, and cuts and scratches from wildlife (Kitt, 2011) . All workers were exposed to the environmental hazards of ultraviolet light, heat stress, lightening, motor vehicle accidents, insect bites and stings, noise, psychological stress, and fatigue (Kitt, 2011) .
NIOSH personnel surveyed offshore workers about their symptoms and exposures to oil and dispersants (OSHA, 2010) . The NIOSH analysis showed increased reports of upper respiratory irritation and cough associated with oil and dispersant exposure, but did not account for other factors, such as exposure to road and gravel dust at the marina docks (OSHA, 2010).
A NIOSH investigation of seven fishers who were hospitalized in May 2010 found heat illness was likely responsible for these workers' conditions; the effect of oil and dispersant exposure was inconclusive at that time (OSHA, 2010) . These fishers were working between 40 and 60 miles from where dispersants were used, and all reported smelling "bad odors," perhaps the result of recently substituted dispersant cleaners that may have contributed to their hospitalizations (Kitt, 2011) . However, most of these fishers also experienced symptoms 3 to 7 days before they were hospitalized (Kitt, 2011) .
NIOSH analyzed BP's worker injury and illness logs through July 27, 2010, and found 86% of cases required first aid only, with heat stress and effects being the most prevalent illness (OSHA, 2010) . In addition, the logs included 171 instances of workers with multiple symptoms (OSHA, 2010) . The most common injuries onshore and offshore were cuts and bruises, insect bites and stings for onshore workers, and sprains for offshore workers (OSHA, 2010) .
Few studies have examined long-term health effects of oil exposure. At the time of the Exxon Valdez spill, AAOHN JOURNAL· VOL. 59, NO. 11, 2011 the CDC did not feel that routine periodic health surveillance of the workers was warranted and concluded that no basis existed for recommending long-term surveillance of workers' health (Gorman, Berardinelli, & Bender, 1991) . After the abatement efforts for the Exxon Valdez oil spill had ended, unsuccessful attempts were made to review records of health and injury data taken in the field when workers began filing health complaints (Gorman et aI., 1991) . However, health care personnel associated with the oil spill reported occurrences of work-related dermatitis and rashes on the hands, forearms, face, and neck; upper respiratory infections; and acute, self-limited irritant and neurologic symptoms (Gorman et aI., 1991) . As a result of the recent Deepwater Horizon oil spill, NIOSH is planning periodic surveillance and long-term health monitoring of all rostered abatement workers to evaluate both short-and long-term health effects (Kitt, 2011) .
Mental health should also be investigated. A survey of grounded fishers and abatement workers revealed signs of acute anxiety and depression, increased and excessive drinking, suicidal ideation, domestic violence, posttraumatic stress disorder, divorce, and community discord (Savitz & Engel, 2010; Woodward, 2010) .
FINDINGS FROM PAST OIL SPILLS
In March 1989, the Exxon Valdez ran over Bligh Reef in Prince William Sound, draining approximately 11 million gallons of crude oil in the water (Savage, 2010; State of Alaska, 1990) . Approximately 11,000 workers were involved in the abatement operation; however, the workers were not monitored after the abatement ended (Gorman et aI., 1991) . Four worker deaths were associated with the process (State of Alaska, 1990). One fatality occurred when a worker was crushed in a "dumbwaiter," and another worker died of a heart attack (Gorman et aI., 1991) . According to the Alaska Workers' Compensation database, a total of 1,812 claims (785 non-lost time, 520 lost time, 447 "out of jurisdiction," and 60 "other" claims) were filed in 1989 (Gorman et aI., 1991) . Of these claims, 800 (44%) were related to sprains and strains, cuts and lacerations, or contusions; 264 (14.6%) were related to respiratory illnesses, primarily bronchitis as opposed to chemical-induced illnesses; and 44 (2.4%) were related to dermatitis (Gorman et aI., 1991) . A survey 1 year after the oil spill found a two-to threefold increase in the rates of anxiety, posttraumatic stress disorder, depression, alcohol and substance abuse, and domestic violence among abatement workers, primarily commercial fishers (Osofsky, Palinkas, & Galloway, 2010) . Eight years after the spill, workers reported elevated symptoms of depression, intrusive stress, avoidance, and family conflict (Osofsky et aI., 2010) . A survey 14 years after the Exxon Valdez oil spill found a greater prevalence of chronic airway disease among workers who had "high" oil exposures, as well as self-reports of neurological impairment and claims of "multiple chemical sensitivity" (Solomon & Janssen, 2010) . In 2009, 20 years after the oil spill, a report of abatement workers, primarily fishers, demonstrated increased social conflict, loss of trust, and feel-ings of hopelessness, betrayal, and anger, along with an increased prevalence of depression, anxiety, avoidance, posttraumatic stress symptoms, and alcohol and drug abuse (Osofsky et aI., 2010) .
In 1993, the Braer tanker, loaded with 84,700 tons of crude oil, was grounded off the coast of Shetland (Campbell et al., 1993) . Workers initially complained of headaches, throat irritation, and itchy eyes (Campbell et al., 1993) . The first day after the spill was the day most often reported to be when symptoms began, and 97% resolved by day 7 (Campbell et aI., 1993) . Six months after the spill, workers were more likely to report that their health was poor or that it had deteriorated (Campbell et aI., 1993) .
In 2002, the Prestige oil tanker spilled more than 67,000 tons of bunker oil (i.e., residential fuel), heavily contaminating the coast of Galicia in northwest Spain (Rodriguez-Trigo et al., 2010) . The spilled oil contained aromatic and saturated hydrocarbons, including benzene, heavy metals, and resins (Rodriguez-Trigo et aI., 20 I0). More than 300,000 volunteers, mainly local fishers, participated in abatement activities (Rodriguez-Trigo et aI., 2010) . Workers complained of headaches, itchy eyes, nausea, vomiting, dizziness, and throat and respiratory symptoms (Suarez et aI., 2005) . More than 7,000 workers had significantly higher rates of upper and lower respiratory tract symptoms (Zock et aI., 2007) . A study 2 years after the oil spill confirmed previously reported increases in respiratory symptoms for those fishers who aided in abatement efforts (Rodrtguez-Trigo et aI., 2010). Participation was also associated with persistent respiratory symptoms, elevated markers of airway injury, and chromosomal damage (Rodriguez-Trigo et aI., 2010; Savitz & Engel, 2010) . Leukemia, multiple myeloma, and melanoma are of particular interest; evidence from occupational studies has demonstrated the importance of examining biomarkers because the latent period for some diseases, including cancer, is long (Savitz & Engel, 2010) . Another study of 858 workers involved in the abatement showed genetic toxicity (Solomon & Janssen, 2010) . Increased DNA damage as well as lower levels of CD4 and interferon were found among volunteers, especially those who worked on beaches, compared with their own pre-exposure levels (Solomon & Janssen, 2010) .
The Tasman Spirit, grounded in the port of Karachi, Pakistan, in 2003, carried 67,535 tons of light crude oil' (Meo, AI-Drees, Meo, AI-Saadi, & Azeem, 2008) . Thirty-one workers who aided in the abatement efforts demonstrated an acute decline in lung function as measured by spirometry, and more weeks of work were associated with greater losses of lung function (Meo et al., 2008) .
In 2007, a crane barge owned by Samsung collided with the Hebei Spirit oil tanker off the coast of South Korea, releasing approximately 2.8 million gallons of crude oil (Lee, Kim, Ha, & Chung, 2010) . Workers complained of headaches, nausea, dizziness, sore throats, cough, skin rashes, and sore eyes, and were found to have increased levels ofVOC metabolites in their urine (Lee et aI., 2010) . A study of symptoms reported by residents who participated in abatement showed allergies, multiple chemical sensitivities, and higher levels of oxidative stress biomarkers (Jeong et aI., 2010) .
RELEVANCE TO OCCUPATIONAL HEALTH NURSING
Throughout history, disasters have brought nurses to the front lines as first responders (Kagan, 20 II) . Occupational health nurses bring organization, leadership, and order to crisis situations, and provide both physical and psychological care to containment and abatement workers (Kagan, 2011) . Occupational health nurses also have the ability to influence policy, regulations, and emergency preparedness by educating management about the importance of health promotion, prevention, and educational programs for employees (Kagan, 20 II) .
During disasters, both federal and state officials rely on occupational health nurses to address the consequences of exposures that may not be readily predictable but emerge over time (Pattillo, 2010) . Occupational health nurses can aid in the essential first step of gathering data as early as possible, prior to workers' being exposed to health hazards (Savitz & Engel, 2010) . It can be particularly challenging to identify workers, who may have varying levels of safety training, access to protective equipment, and exposures (Lurie, 20 I0; Savitz & Engel, 2010) . Occupational health nurses can coordinate training, education, and injury prevention for all workers and can ensure the provision of PPE (i.e., gloves, boots, and respirators) as needed (McCauley, 2010) .
Although the immediate health effects must be recognized and treated promptly, the challenge is pinpointing the long-term effects by assessing adverse health effects and considering physical, psychological, and socioeconomic dimensions of human health in exposed worker populations (Lurie, 2010; McCauley, 2010) . Occupational health nurses can also provide exposure assessments including work histories, information on the use and effectiveness of protective equipment, and worker safety training (Savitz & Engel, 2010) .
Vague initial symptoms and potentially detrimental long-term effects of exposure to contaminants can be the real challenge for occupational health nurses caring for this unique population. Therefore, occupational health nurses must be familiar with the health effects of oil spills to appropriately assess and treat individuals who live and work near spills (Solomon & Janssen, 20 I0) . Occupational health nurses should be aware of toxicity from exposures to oil and related chemicals so if individuals present with symptoms, they will ask about occupational exposures and home address (Solomon & Janssen, 2010) .
The physical examination for potentially exposed workers should focus on the skin, respiratory tract, and neurological system and any symptoms that could be associated with oil-related chemicals (Solomon & Janssen, 2010) . Workers' care generally consists of documentation of signs and symptoms, evaluation to rule out or treat other potential causes of the symptoms, removal from exposure, and supportive care (Solomon & Janssen, 2010) . Occupational health nurses can educate workers to
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The Role of the Occupational Health Nurse Moore, R., & Burns, C.M. AAOHN ]ournaI2011; 59(11), 477-482. prevent injuries and illnesses from oil and related chemicals during the abatement period through proper training and providing PPE (i.e., boots, gloves, coveralls, safety glasses, and respirators) when potentially hazardous levels of airborne vapors, aerosols, or particulate matter exist (Solomon & Janssen, 2010) . Occupational health nurses should also educate workers to avoid heat-related illness by taking rest breaks and drinking sufficient fluids (Solomon & Janssen, 2010) .
SUMMARY
The Deepwater Horizon oil spill is the most recent manmade disaster affecting wildlife, marine life, the ecosystem, and workers who struggled to contain and abate the disaster. Significant research on the effects of oil spills on marine life, wildlife, and the ecosystem has been produced, but little research on workers, especially their long-term health effects, has been published. This may be due in part to displacement of these workers from their own professions due to the oil spill and from their homes, and their propensity to return to their previous jobs and homes (Kitt, 2011) . Although the immediate health effects must be recognized and treated promptly, the real challenge is to pinpoint the long-term effects by assessing adverse health effects and considering the physical, psychological, and socioeconomic dimensions of human health in the exposed worker populations (Lurie, 2010; McCauley, 2010 Oil spills are manmade disasters that can have adverse health effects, both short-and longterm, for the workers who contain and abate spills.
Little research on the health effects of containment and abatement on oil spill workers and the difficulty of monitoring this worker population because of its temporary nature are both issues for occupational health nurses.
Oil spill workers are a unique, challenging population for occupational health nurses.
